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Background: Traffic accidents are a significant health issue in Iran. Explanations for such 
accidents have included single consideration of the role of poor sleep and negative psychological 
trait and state variables. In this study, we examined whether and to what extent sleep, general 
health, and aggression can concomitantly predict driving behavior.
Methods: A total of 360 male traffic offenders (driving under substance use; mean age: 31 years) 
participated in this study. They completed the questionnaires covering sociodemographic, sleep-
related, and behavior-related variables. In addition, their visual and acoustic reaction times were 
objectively tested.
Results: Poor sleep, poor general health, and higher aggression scores were associated with 
self-rated poor driving behavior. Poor sleep was directly associated with poor driving behavior 
and indirectly via poor general health and aggression. In contrast, visual and acoustic reaction 
times were unrelated to sleep, general health, aggression, or self-rated driving behavior.
Conclusion: To our knowledge, this is the first study in Iran to assess concomitantly poor sleep, 
poor general health, and higher aggression scores as independent predictors of poor driving 
behavior among a larger sample of substance-abusing traffic offenders. Furthermore, visual and 
acoustic reaction times were unrelated to sleep, general health, aggression, and driving behavior. 
Finally, importantly, poor sleep predicted both directly and indirectly poor driving behavior.
Keywords: driving behavior, sleep, aggression, general health, reaction time
Introduction
In Iran, cars and motorcycles are the most common means of transport, and not surpris-
ingly, compared with Western countries (North America and Europe), the traffic-related 
prevalence of mortality is high.1–3 Despite a decreasing trend in traffic-related deaths,4 
traffic accidents remain the second largest cause of mortality in Iran.5,6 Although the 
World Health Organization reported 24.1 traffic deaths per 100,000 people every year 
in Iran, the prevalence rate is substantially lower in, for example, Switzerland (3.4), 
Germany (4.3), and USA (11.6). Furthermore, traffic accidents are the main cause of 
injuries requiring surgical intervention in Iran.7–9
There is a broad consensus that up to 95% of traffic accidents are not due to the 
technical malfunctions but due to the poor driving behavior. The three possible factors 
in poor driving behavior are as follows: 1) trait variables, 2) state variables, and 3) sleep.
As regards trait variables, a line of research has examined associations between par-
ticular personality traits and poor driving behavior.10–14 Lucida et al and Mallia et al10,11 
identified excitement-seeking as a risk factor for poor driving, whereas  Pourabdian and 
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Azmoon14 focused on trait anxiety as a possible risk factor for 
poor driving. In contrast, Dahlen et al13 identified narcissism as a 
risk factor for poor driving, whereas Beanland et al12 considered 
the impact of antagonism, negative affectivity, and disinhibi-
tion. These approaches thus point to a particular constellation 
of personality traits as a source of poor driving behavior.
In addition, there is evidence that current psychological 
state and traits can have an impact on driving behavior. For 
example, Hilton et al15 showed that current self-reported 
symptoms of depression were associated with increased road 
accidents among professional heavy goods vehicle drivers. 
Importantly, these authors claimed that lack of concentra-
tion and poor sleep, rather than symptoms of depression as 
such, might have negative effects on driving behavior. Also, 
Scott-Parker et al16 identified symptoms of depression as 
predictors of risky behavior among novice drivers, while in a 
further analyses, the same authors concluded that symptoms 
of anxiety rather than depression predicted risky driving 
among female but not male novice drivers.
Aggression merits particular attention, given that aggres-
sive behavior might be regarded both as a trait and as a state 
variable, and also that aggressive driving is acknowledged 
as a contributor to motor vehicle accidents. Not surprising, 
the Manchester Driving Behavior Questionnaire (MDBQ)17 
explicitly includes aggressive reactions (ie, aggressive viola-
tions and ordinary violations) as factors adversely affecting 
driving. In this regard, Beanland et al12 reported an overlap 
between state aggression behavior and the personality traits of 
antagonism, negative affectivity, and disinhibition. Likewise, 
in a survey carried out in the UK and the Irish Republic, Ste-
phens and Sullman18 identified trait aggression as a predictor 
of crash-related behaviors. Specifically, aggressive forms 
of expression were higher for drivers who reported initiat-
ing road rage incidents, and the total scores for aggressive 
expression were also higher for drivers who reported recent 
crash-related events, such as loss of concentration, losing 
control of their vehicle, moving violations, near-misses, and 
major crashes.18
Next, as regards mental health status, Possis et al19 showed 
that, among veterans, risky driving behavior and poor mental 
health status were associated with poor driving behavior. Fur-
thermore, in previous studies,2,3 we have showed that, among 
both traffic offenders and non-offenders, poor mental health 
status was associated with both poor driving behavior and 
aggression, while aggression was also associated with poor 
driving behavior. However, when both poor health status and 
aggression were entered in a regression equation, only poor 
health status emerged as a predictor of poor driving behavior.
As regards sleep, there is an extensive literature show-
ing that poor sleep is associated with various negative 
cognitive,20–23 emotional,23–25 social,26 and behavioral char-
acteristics.27,28 Poor sleep is causally related to work place 
problems and work place absenteeism.29,30 In this context, not 
surprisingly, poor sleep is also associated with increased risks 
of traffic issues.31–37 Thus, it is estimated that 10%–20% of 
all traffic accidents are causally related to poor sleep.38 For 
example, Hilton et al15 identified, in addition to symptoms of 
depression, poor sleep as a risk factor for lack of concentra-
tion, which in turn impacted negatively on driving behavior. 
Likewise, Garbarino et al39 showed among 949 truck drivers 
that up to 28% suffered from insomnia; most dramatically, 
insomniacs had a markedly higher likelihood of reporting 
both accidents and near-miss accidents. Recently, Bioulac 
et al40 confirmed the association between poor sleep and poor 
driving behavior in their systematic review and meta-analysis. 
Thomann et al41 identified an explanation for this association 
in the impaired scores on psychomotor vigilance of people 
with excessive daytime sleepiness (due to poor night sleep) 
when compared with healthy controls. However, in their 
recent review of the associations between poor sleep and 
sleepiness on the one hand and objective reaction times on 
driving simulators on the other hand, Schreier et al42 found 
that the associations were trivial and that it was not sleepi-
ness as such, but rather the self-perception of sleepiness that 
more reliably explained the association between poor sleep 
and poor driving behavior. Thus, Hallvig et al43 showed that 
performance on a driving simulator and real driving were 
only weakly related and that this association was further 
weakened after taking subjective sleepiness into account. 
Finally, based on a systematic review and meta-analysis, 
Tabrizi et al44 showed that up to 50% of all drivers in Iran 
reported sleep complaints.
To summarize, trait variables, state variables, and poor 
sleep need to be considered in explanations of poor driving 
behavior. In addition, we believe that investigating such asso-
ciations is particularly important in Iran, given the evidence 
that fatal traffic accidents are from 5.5 to 7 times higher than 
those in countries such as Switzerland or Germany. Next, the 
relationship between performance on driving simulators and 
sleep is not straightforward, and the role of trait and state 
variables in this relationship has yet to be considered. Accord-
ingly, this study aimed at shedding light on the association 
between subjective sleep patterns, driving behavior (both 
subjective and objective),1 and trait and state variables in a 
large sample of Iranian traffic offenders. In this context, we 
put particular emphasis on the direct and indirect associations 
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between subjective sleep and driving behavior (subjective and 
objective) via their association with general health status; in 
our previous studies,2,3 it was proved that poor mental health 
status was related to poor driving behavior.
The following five hypotheses were formulated. First, 
we expected poor sleep, poor driving behavior, poor general 
health, and high aggression scores to be associated.2,3,12,15,18,44 
Second, we anticipated that, compared with good sleepers, 
poor sleepers would report more impaired subjective driving 
behavior and have lower general health, higher aggression 
scores, and slower reaction times.31–37 Third, we predicted 
that poor driving behavior would be independently predicted 
by poor sleep, poor general health, and higher aggression 
scores.2,3,12,15,18 Fourth, we expected that poor sleep would 
predict poor driving behavior indirectly as well as directly. 
Finally, based on the studies by Schreier et al42 and Hallvig 
et al,43 we assumed that reaction time on a driving simulator 
as a proxy for objective driving behavior would not be related 
to subjective driving behavior or to psychological functioning 
(general health, subjective sleep, and aggression).
Methods
Procedures
Substance-abusing male traffic offenders undergoing a 
thorough driving-related assessment took part in the present 
cross-sectional study. Although the assessment was manda-
tory for all traffic offenders as a consequence of violating 
traffic rules under the influence of psychotropic substances, 
taking part in this study and providing data for scientific ends 
were not mandatory. Accordingly, all eligible participants 
were informed about the aim of this study and the anonymous 
data handling. Thereafter, they signed a written informed 
consent. Participants came once to our research center, and 
all assessments took place in the late morning during 11 am 
and 2 pm. The first part of the assessment lasted for about 
20 minutes, which includes the following: study information, 
signing the written informed consent, and completing the 
self-rating questionnaires. The second part lasted for about 
15 minutes, which includes the following: measuring auditory 
and visual reaction time (see details below). Collectively, the 
entire assessment including welcome and discharge lasted for 
about 45 minutes. Data collection took place between June 
2016 and April 2017. The review board of the Kermanshah 
University of Medical Sciences (KUMS; Kermanshah, Iran) 
approved the study, which was performed in accordance 
with the rules laid down in the Declaration of Helsinki and 
its later amendments.
sample
A total of 485 substance-abusing male traffic offenders, 
whose driving license had been withdrawn, were approached; 
of whom, 360 (74.23%; mean age: 30.97 years; SD=9.51) 
agreed to participate in this study. After a brief somatic and 
psychiatric interview, and based on medical records and 
records from the penalty register of the traffic authorities, 
psychiatrists or clinical psychologists identified substance 
abuse as the main mental illness. Eighty-five percent of the 
participants were opium/opioid users, 13% were metham-
phetamine users, and 3% were alcohol and cannabis users. 
Seventy-three percent of the participants had car crashes 
and 27% had accidents with motor cycles. Inclusion criteria 
were as follows: 1) age 18 years or older; 2) male; 3) written 
informed consent; 4) willing and able to complete self-rating 
questionnaires; and 5) willing and able to undergo reaction 
time testing. Exclusion criteria were as follows: 1) current 
state of suicidality and 2) current state of psychosis.
Tools
sociodemographic and driver-related information
This questionnaire asked for gender, age (years), highest 
educational level (primary school, high school, diploma, and 
university degree), civil status (single, married, and divorced/
widowed), and years of driving experience.
Driving behavior
Participants completed the MDBQ.17,45,46 The MDBQ is a 
self-rating questionnaire consisting of 50 items measuring 
aberrant driving behaviors and focuses on aggressive viola-
tions (eg, “Sound your horn to indicate your annoyance to 
another road user”; “Become angered by another driver and 
give chase with the intention of giving him/her a piece of 
your mind”), ordinary violations (eg, “Disregard the speed 
limit on a residential road/motor way”; “Overtake a slow 
driver on the inside”; and “I drive so close to the car in front 
that it would be difficult to stop in an emergency”), errors 
(eg, “Underestimate the speed of an oncoming vehicle when 
overtaking”; “Fail to check your rear-view mirror before 
pulling out, changing lanes, etc.”), and lapses (eg, “Attempt 
to drive away from the traffic lights in third gear”; “Forget 
where you left your car in a car park”; and “Intending to drive 
to destination A, you ‘wake up’ to find yourself on the road 
to destination B”). Responses are given on six-point Likert 
scales ranging from 0 (= never) to 5 (= nearly all the time), 
with higher mean scores reflecting more numerous violations, 
errors, and lapses (Cronbach’s alpha =0.89).
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general health
Participants completed the General Health Questionnaire 
(GHQ;47 Farsi version48). The GHQ is a self-rating ques-
tionnaire to identify psychological distress. It consists of 28 
items and assesses anxiety and insomnia, depression, social 
dysfunction, and somatic health. Answers are given on four-
point Likert scales ranging from 0 (= not at all) to 3 (= more 
than usual), with higher total scores reflecting more severe 
health issues (Cronbach’s alpha =0.91).
aggression
Participants completed the Aggression Questionnaire 
(AGQ;49 Farsi version2,3). The AGQ is a self-rating question-
naire; it consists of 29 items and covers physical aggression, 
verbal aggression, anger, and hostility. Answers are given 
on seven-point Likert scales ranging from 1 (= extremely 
uncharacteristic of me) to 7 (= extremely characteristic of 
me), with higher scores reflecting a greater tendency toward 
aggressive behavior (Cronbach’s alpha =0.90).
Pittsburgh Sleep Quality Index (PSQI)
subjective sleep: PsQi
The PSQI was designed by Buysse et al50 to measure sleep 
quality and to help diagnose people with good or poor sleep. 
The PSQI is a self-report scale that takes 5 minutes to com-
plete; it consists of 19 items and contains seven subscales 
(subjective sleep quality, sleep latency, sleep duration, sleep 
efficiency, sleep disturbance, sleeping medication, and day-
time dysfunction), each weighted equally on a scale from 0 
to 3, with higher scores indicating poorer sleep quality. The 
seven components are then summed to obtain an overall PSQI 
score, ranging from 0 (good sleep quality) to 21 (poor sleep 
quality). Total scores of ≥5 reflect poor sleep, associated with 
considerable sleep complaints. The psychometric properties 
of the Farsi/Persian version were tested by Farrahi et al,51 with 
a sample of adult psychiatric patients and healthy controls.
Measuring auditory and visual reaction time
To measure the reaction time to auditory, visual and combined 
auditory–visual stimuli, participants underwent testing on a 
driving simulator. The apparatus mimicked the equipment of the 
driver’s position in a car, consisting of a seat, wheel, three pedals 
(brake, accelerator, and clutch), handbrake, gear shift, and direc-
tion indicator control. In addition, a screen and a loudspeaker 
were positioned in front of the participant. The tasks were as 
follows: on the screen, a virtual roadway was presented, suggest-
ing continuous driving. At random, visual or acoustic stimuli 
were presented, and at these points, participants had to use the 
brakes. The outcome variable was the time lapse between the 
stimulus and the behavioral reaction (brakes). Two sets of 30 
random stimuli were presented, reaction time was automatically 
recorded, and the average reaction time in milliseconds was 
calculated. The entire test lasted for about 15 minutes.
statistical analysis
Preliminary calculations: f irst, we calculated whether 
educational level, civil status, age, or driving experience 
systematically changed the pattern of results. It turned out 
that neither civil status nor educational level had any effect. 
However, lower age was associated with higher aggression 
scores, while longer driving experience was associated with 
better driving behavior.
Main calculations: first, correlations were computed 
between sleep patterns (PSQI: subjective sleep quality, sleep 
duration, sleep latency, sleep efficacy, sleep disturbances, 
sleep medication, daytime dysfunction; overall score), driv-
ing behavior (MDBQ: overall score), general health (GHQ:2 
overall score), aggression (overall score), and reaction times 
(auditory, visual, and visual–auditory stimuli). Second, 
t-tests for unrelated samples were carried out with the PSQI 
cutoff score of less than five points (no sleep disturbances) 
or five and higher points (sleep disturbances) as independent 
variables and driving behavior, general health, aggression, 
and reaction time as dependent variables. Third, a multiple 
regression analysis (stepwise; backward) was performed with 
the MDBQ total score as a dependent variable, and subjective 
sleep, general health, and aggression as predictors. Fourth, a 
path analysis was executed, again with the MDBQ total score 
as a dependent variable; we tested the direct effects of sleep 
on driving behavior and indirect effects via general health. 
The nominal level of statistical significance was set at alpha 
<0.05. Statistical computations were performed with SPSS® 
25.0 (IBM Corporation, Armonk, NY, USA) for Apple® Mac®.
Results
sociodemographic and driving-related 
information
Table 1 reports the descriptive sociodemographic and driving-
related information.
Associations between sleep patterns, 
driving behavior, general health, and 
aggression
Table 2 reports the correlations between sleep patterns, 
general health, aggression, and driving behavior. Sleep, 
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driving behavior, general health, and aggression scores 
were significantly associated, while this was not the case for 
reaction times.
More specifically, all dimensions of negative PSQI scores 
(total score, sleep quality, sleep latency, sleep duration, sleep 
efficacy, sleep disturbances, sleep medication, and daytime 
functioning) were associated with poorer driving behavior 
Table 1 Descriptive statistical overview of sociodemographic 
information (N=360)
Statistics
Mean (SD)
Age (years) 30.97 (9.51)
Driving experience (years) 8.47 (6.50)
number of accidents 1.88 (2.47)
n (%)
civil status
Married 213 (59.17)
single 140 (38.89)
Divorced/widowed 7 (1.95)
education
illiterate 35 (0.97)
Under diploma 124 (34.45)
Diploma 148 (41.11)
higher education 53 (14.72)
Table 2 Overview of correlation coefficients (Pearson’s correlation coefficients) between dimensions of sleep, driving behavior, 
aggression, general health, and objective reaction time
Number Dimension Dimensions
1 2 3 4 5 6 7
1 sleepa – 0.48*** 0.19*** 0.49*** 0.04 0.06 0.07
2 Driving behavior – 0.24*** 0.42*** 0.00 0.02 0.01
3 aggression – 0.24*** 0.09 0.06 0.05
4 general health – 0.07 0.04 0.07
5 RT visual – 0.64*** 0.66***
6 RT auditory – 0.66***
7 RT v+a –
Note: aHigher scores in the Pittsburgh Sleep Quality Index reflect higher sleep disturbances. ***P<0.001.
Abbreviations: RT, reaction time; v+a, visual and auditory.
Table 3 Overview of correlation coefficients (Pearson’s correlation coefficients) between dimensions of sleep (Pittsburgh Sleep 
Quality Index) and driving behavior, aggression, general health, and objective reaction time
Dimension Pittsburgh Sleep Quality Index
Quality Latency Duration Efficiency Disturbance Sleeping pills Daytime dysfunction
Driving behavior 0.41*** 0.27*** 0.37*** 0.33*** 0.40*** 0.35*** 0.33***
aggression 0.15** 0.08 0.10** 0.14*** 0.14*** 0.17*** 0.12*
general health 0.23*** 0.22*** 0.23*** 0.22* 0.30*** 0.33*** 0.29***
RT visual 0.00 0.02 0.07 0.04 0.08 0.07 0.02
RT auditory –0.06 –0.09 –0.10 –0.08 –0.01 –0.04 –0.10
RT v+a –0.05 –0.07 –0.10 –0.09 –0.04 –0.06 –0.11
Note: *P<0.05; **P<0.01; and ***P<0.001.
Abbreviations: RT, reaction time; v+a, visual and auditory.
(MDBQ), higher aggression, and poorer general health 
(Table 3).
Driving behavior, general health, and 
aggression between participants with and 
without sleep disturbances
Table 4 reports the descriptive and inferential statistical 
indices comparing participants with (PSQI scores ≥5 points) 
and without sleep disturbances (PSQI scores <5 points). 
Compared to those without sleep complaints (n=21; 5.8%), 
participants with sleep complaints (n=339; 94.2%) reported 
poorer driving behavior, poorer general health, and higher 
aggression scores. No differences were found for reaction 
times.
Predicting driving behavior from sleep, 
general health, and aggression
A multiple regression analysis (stepwise backward; Table 5) 
was performed. Driving behavior was the dependent variable; 
sleep, general health, and aggression were predictors. Poor 
sleep and poor general health predicted poor driving behav-
ior, while aggression did not reach statistical significance; 
aggression was therefore not entered in the equation.
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Direct and indirect effects of sleep on 
driving behavior, with general health as a 
mediating variable
As shown in Figure 1, sleep had both direct effects on driving 
behavior and indirect effects via general health. The equation 
is as follows: r=0.483 (r sleep and driving) = b=0.367 (sleep 
on driving) +0.485 (r sleep and general health) × b=0.23 
(general health on driving).
Table 4 Descriptive and inferential statistical indices of sleep, driving behavior, aggression, and general health between poor and good 
sleepers
Dimensions Group
Good sleeper 
(N=21)
Poor sleeper 
(N=339)
Statistics
Mean (SD) t(df) Cohen’s d
Pittsburgh Sleep Quality Index
Sleep; total score 4.29 (0.72) 12.60 (3.76) t(358)=10.1*** 3.07
Sleep quality 1.00 (0.40) 2.44 (0.73) t(358)=7.53*** 2.53
sleep latency 0.67 (0.58) 1.77 (0.72) t(358)=6.87*** 1.68
sleep duration 0.86 (0.78) 2.04 (0.72) t(358)=7.39*** 1.81
Sleep efficiency 1.05 (0.22) 2.23 (0.68) t(358)=7.94*** 2.30
sleep disturbances 0.86 (0.36) 1.96 (0.75) t(358)=6.66*** 1.87
Use of sleeping pills 0.05 (0.22) 1.36 (0.89) t(358)=6.71*** 2.02
Daytime dysfunction 0.67 (0.48) 1.61 (0.77) t(358)=5.52*** 1.47
Manchester driving behavior questionnaire
errors 11.81 (8.48) 19.66 (10.15) t(358)=3.47* 0.84
aggressive violations 9.71 (7.50) 19.66 (9.30) t(358)=4.80*** 1.18
lapses 4.62 (3.80) 8.73 (4.75) t(358)=3.89** 0.96
Ordinary violations 1.95 (1.75) 3.49 (2.06) t(358)=3.34** 0.80
Total score 26.86 (12.00) 50.53 (22.68) t(358)=4.74*** 1.29
general health
Anxiety 11.95 (4.44) 11.03 (3.07) t(358)=1.30 0.24
Depression 0.86 (1.82) 3.78 (3.81) t(358)=3.49 0.98
social dysfunction 4.62 (2.81) 7.14 (3.35) t(358)=3.38 0.82
Physical health 2.52 (1.81) 5.61 (3.32) t(358)=4.22 1.16
general health score 11.00 (6.64) 22.26 (9.74) t(357)=5.22 1.35
aggression
Overall score 27.19 (13.51) 38.39 (23.16) t(358)=2.19 0.59
Reaction time
Visual 0.73 (0.27) 0.80 (0.56) t(358)=0.24 0.14
audio 0.71 (0.22) 0.72 (0.02) t(358)=0.35 0.06
Visual and audio 0.71 (0.18) 0.81 (0.99) t(358)=0.24 0.14
Note: *P<0.05; **P<0.01; and ***P<0.001.
Table 5 Multiple linear regression model to describe the influence of sleep quality, general health, and aggression on driving behavior
Dimension Variables Coefficient Standard 
error
Coefficient 
(b)
95% CI T P R R2 Durbin–Watson 
coefficient
Driving behavior intercept 9.94 3.45 – 3.15–16.73 2.88 0.004 0.54 0.29 1.93
Sleep quality 1.96 0.284 0.354 1.40–2.52 6.90 0.000
general health 0.49 0.119 0.22 0.258–0.728 4.133 0.000
Note: Variable excluded from the equation: aggression P>0.20.
Post-hoc analyses
Neither the type of substance use (opium/opioids, metham-
phetamine, cannabis) nor the type of accident (car or motor 
cycle) was systematically related to psychological function-
ing, sleep, and reaction time (all Fs<1.0, ps>0.43).
Discussion
The key findings of this study were that among a sample of 
male traffic offenders guilty of substance abuse, poor sleep 
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was both directly and indirectly associated with poor subjec-
tive driving behavior, but not with objective reaction time. 
Poor sleepers also recorded higher scores for state variables 
such as depression, anxiety, and aggression. The pattern of 
results adds to the current literature in showing that poor sleep 
was both directly and indirectly associated with poor driving 
behavior. However, reaction times on a driving simulator were 
not associated with subjective sleep, psychological state, or 
subjective driving behavior.
Five hypotheses were formulated, and each of them is 
considered now in turn.
Our first hypothesis was that poor sleep, poor driving 
behavior, poor general health, and higher aggression scores 
would be associated, and this was confirmed. The pattern of 
results is therefore consistent with previous findings,2,3,12,15,18,44 
although we believe that these results add to previous find-
ings in that the associations were found among young Iranian 
males guilty of traffic offences related to substance abuse. A 
further novelty of this study is that the triad of trait (aggres-
sion), state (depression and anxiety), and sleep were found 
to contribute to the explanation of poor subjective driving 
behavior (Table 3). Moreover, more negative scores on all 
dimensions of the PSQI (overall score, sleep duration, sleep 
quality, sleep onset latency, sleep efficiency, sleep medica-
tion, and daytime functioning) were associated with poorer 
driving (MDBQ), higher aggression scores, and poorer 
general health (Table 3). These patterns of results suggest 
that it is not a single facet of sleep such as duration, efficacy, 
or sleep onset latency, but sleep as an overarching phenom-
enon that is related to poor driving behavior. Consequently, 
we believe that interventions to treat sleep problems might 
have a positive impact on driving performance, along with 
benefits for general health and aggression (as a proxy for 
impulse control).
Our second hypothesis was that, compared to good 
sleepers, poor sleepers would have more impaired subjec-
tive driving behavior, lower general health, and higher 
aggression scores, and again this was confirmed (Table 
4). Thus, the present results accord well with the majority 
of the literature on this topic.31–37 The novel feature of the 
study is that these results were obtained from a sample of 
young Iranian males committing traffic offenses related 
to substance abuse and that poor sleep (n=339; 94.2% vs 
good sleep: n=21; 5.8%) is clearly a health problem among 
traffic offenders.
To gain a deeper insight into the associations between 
driving behavior, sleep, general health, and aggression, with 
the third hypothesis, we examined the extent to which poor 
driving behavior was independently predicted by poor sleep, 
poor general health, and aggression. The results here were 
not entirely clear-cut (Table 5). Specifically, while poor sleep 
and poor general health explained 29% of the variance in 
poor driving behavior (Table 5), the relative contribution of 
aggression as an additional predictor did not reach statistical 
significance and thus did not add to our understanding of 
poor driving behavior.
Fourth, given the impact of sleep quality on driving 
behavior, and given the relationship between sleep and gen-
eral health, we hypothesized that poor sleep would predict 
poor driving behavior indirectly as well as directly, and this 
hypothesis was supported (Figure 1). Thus, we add to the 
current literature2,3,12,15,18 in an important way, confirming the 
prominent role of sleep in driving behavior.
The data available in this study are insufficient to provide 
a deeper psychological or neurophysiological explanation 
as to why poor sleep should be associated with poor driving 
behavior. The following speculations therefore draw upon 
previous research. First, Riemann et al52 with their hyper-
arousal model proposed an interactional and dynamic rela-
tionship between (dysfunctional) cognitive–emotional and 
physiological processes, leading to poor sleep and distressed 
behavior. It therefore seems possible that the experience of 
Figure 1 Direct and indirect effects of sleep quality on driving behavior.
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problems related to poor sleep could be related to problems 
in concentration and impulse control, leading ultimately to 
poorer driving behavior.15 Second, we note that dysfunctional 
coping strategies are associated with impaired sleep,53–55 
and therefore, the link between poor sleep and poor driving 
behavior may be mediated in this way. Third, another theo-
retical and empirical approach focuses on the importance 
of prefrontal activity (PFC) and its impairment during poor 
quality sleep. Yoo et al56 performed imaging studies with 
adults suffering from insomnia and healthy controls. They 
found that under sleep restriction the amygdala displayed 
dramatically increased neuronal activation and responsive-
ness to negative emotional stimuli, which, most importantly, 
suggests a decrease in top-down, prefrontal control. Yoo et al 
speculated that “a night of sleep seems to ‘reset’ the correct 
brain reactivity to next-day emotional challenges by main-
taining functional integrity of this amygdala circuit, and thus 
govern appropriate behavioral repertoires”.56 Therefore, the 
effect of sleep quality on PFC control might account for the 
link we found between sleep and driving behavior.
Our last hypothesis followed Schreier et al42 and Hallvig 
et al43 in anticipating that the objective reaction time on a 
driving simulator as a proxy of objective driving behavior 
would not be related to subjective driving behavior or to 
psychological functioning (general health, subjective sleep, 
and aggression), and this expectation was supported. While 
the lack of association between sleep patterns and objec-
tive reaction time does not accord with the findings from 
numerous studies on the relationship between poor sleep and 
poor cognitive performance,20–23 there is also an absence of 
explanations as to why this association might not be found. 
One possible explanation is that, while previous studies have 
focused on the effect of longer-term sleep deprivation on 
long-term cognitive performance20,22 or of experimentally 
manipulated sleep restriction on specific cognitive tasks 
such as divergent thinking,23 none of these studies took into 
account possible motivational factors in completing a cogni-
tive task. We believe that participant motivation was critical 
in this study. Participants knew that their performance on the 
driving simulator could have an impact on the authorities’ 
decision to release or not to release their driving licenses in 
the near future. Thus, participants may have been particularly 
concerned to perform well. Second, being tested on a driving 
simulator might have had the character of an exciting and 
thrilling game, thus increasing participants’ arousal. Third, we 
know from studies on the cognitive performance of patients 
with Restless Legs Syndrome (RLS) that, despite their seri-
ously impaired sleep quality, their performance on cognitive 
tests was not necessarily lower and could even be higher57 
than that of healthy controls,58–60 but for contrary findings 
see, for instance, Fulda et al.61,62 To explain the lack of poorer 
cognitive performance among patients with RLS, Gamaldo 
et al57 speculated that these patients might have undergone a 
process of sleep loss adaptation. That is to say, despite their 
relative loss of sleep, they are able to produce proficient 
cognitive performances when necessary. The Iranian traffic 
offenders in this study may have undergone a similar sleep 
loss adaptation, apparent when tested under challenging and 
perhaps motivating conditions. Fourth, it is also conceivable 
that further latent but unassessed psychological or physi-
ological processes might have biased the association between 
subjective sleep and reaction time on the driving simulator.
Despite the novelty of the findings, the following limi-
tations warrant against overgeneralization of the findings. 
First, we only assessed relatively young male participants 
who were prosecuted by the authorities because they were 
driving while under influence of psychotropic substances. 
Thus, the present pattern of results may not generalize to 
female drivers, to Iranian drivers undergoing driving tests 
to obtain an international driving license, or, for example, to 
the elderly. Second, although a brief medical and psychiatric 
screening was performed to exclude acute suicidality and 
psychotic states, we did rely entirely on self-reports to assess 
psychological functioning (general health and aggression). 
A systematic bias due to self-ratings cannot therefore be 
excluded. Third, we also relied upon self-ratings to assess 
sleep quality. Actigraphs, for example, would have allowed 
a more objective estimation of sleep continuity. However, we 
also note that self-report measures of sleep characteristics are 
the gold standard for assessing sleep among large samples.63 
Fourth, as already noted, it is also conceivable that further 
latent but unassessed neurophysiological and psychological 
dimensions might have biased two or more variables in the 
same or opposite direction. Fifth, the cross-sectional design 
of the study means that it is unable to shed light on the causal 
relationships between sleep, psychological functioning, 
driving behavior, and reaction time on the driving simulator. 
Finally, to estimate whether and to what extent the present 
pattern of results is unique for the present sample, it would 
be interesting to compare the present data with other samples 
such as both healthy male and female drivers without traffic 
violations.
Conclusion
To our knowledge, this is the first study in Iran to assess 
concomitantly poor sleep, poor general health, and higher 
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aggression scores as independent predictors of poor driving 
behavior among a larger sample of substance-abusing traffic 
offenders. Furthermore, visual and acoustic reaction times 
were unrelated to sleep, general health, aggression, and 
driving behavior, putting into question, whether and to what 
extent objective visual and acoustic reaction times might be 
suitable to estimate the participants’ driving quality. Finally, 
importantly, poor sleep predicted both directly and indirectly 
poor driving behavior.
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